aThis Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Page Blank (uspto) 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



WORLD INTELLECTUAL PROPERTY ORGAi 
Internationa! Bureau 



ION 




(51) Inteniati nal Patent Classification 4 
G03B 27/73 



Al 



(11) Intemati nal Publication Numb r: WO 89/ 03062 

(43) International Publication Date: 6 April 1989 (06.04.89) 



(21) International Application Number: PCT/US87/0253 1 

(22) International Filing Date: 1 October 1987 (01.10.87) 



(71) Applicant: EASTMAN KODAK COMPANY [US/US]; 

343 State Street, Rochester, NY 14650 (US). 

(72) Inventors: GOODWIN, Robert, Melvyn ; 29 Tree 

Brook Drive, Rochester, NY 14625 (US). COS- 
GROVE, Patrick, Andre ; 82 Troutbeck Lane, Ro- 
chester, NY 14626 (US). 

(74) Agent: BRANDT, Jeffrey, L.; 343 State Street, Roches- 
ter, NY 14650 (US). 



(81) Designated States: CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB (European 
patent), JP. 



Published 

With international search report. 



(54) Title: SYSTEM FOR CALIBRATION AND CONTROL OF A PHOTOGRAPHIC COLOR PRINTER 



(57) Abstract 



MTQCS- NEGATIVES 

» NEurMt. at j camou stops 

« COOPS AT 3 CAMERA STOPS 
TO* CALiaHAT«OM 

34 




A system for a photographic co- 
lor printer which sets its exposure con- 
trol device (lamphouse/shutter) to pro- 
vide the illumination intensity of each 
color component (red, blue and green - 
- RBG) and the exposure time to pro- 
duce test prints of the same print densi- 
ty from negatives having different ex- 
posures and therefore different densi- 
ties. The printer is calibrated by means 
which calibrate a densitometer which 
can scan and read density over a ma- 
trix of pixels of the negative, and by 
means which calibrate the printing system including all components of the exposure control device; i.e. its lamps, filters, 
light leakage characteristics, printing medium (the photosensitive paper), and the parameters of the print developing pro- 
cess (the photochemistry which converts the exposed print into a print having a permanent image). The densitometer cali- 
bration and the photographic calibration is accomplished on a statistical basis by the use of a set of calibration film nega- 
tive patches which are scanned during calibration of the printer by the densitometer and used to make a gamut of 
calibration prints on the printing medium after exposure by the exposure control device. The patches include sets of 
patches having different density (exposed at different f-stops) for each of several colors and neutral. Thus, the patches pro- 
vide a plurality of density levels of a plurality of color and neutral variations. In the course of calibrating the photographic 
system of the printer a plurality of exposure variations (a set of deltas) is used so as to obtain the calibration prints, the 
number of which is equal to the number of calibration patches multiplied by the number of exposure variations in the set 
A computer controlled system carries out a regression computation to derive models with matrices of coefficients and off- 
sets, which when applied to density readings of production negatives, allows for complete compensation for the scanner, \ 
exposure device, photographic print media and processing system response characteristics and makes the control of the ex- 
posure device independent of such characteristics. 
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SYSTEM FOR CALIBRATION AND CONTROL 
OF A PHOTOGRAPHIC COLOR PRINTER 

Technical Field 

The present invention relates to a system for 
calibrating and controlling a photographic color 
printer, and particularly to a computer controlled 
system which is calibrated on a statistical basis for 
the spectral response characteristics of the 
densitometer, exposure control device, photographic 
print media and processing system which are used to make 
prints of color negatives. 

The invention is especially suitable for use in 
a high-speed color printer and maintains calibration 
notwithstanding that tens of thousands of prints per 
hour can be produced and different types of paper can be 
used which can be changed from time to time. The 
invention is generally applicable to photographic 
printing systems and may be used to provide prints of 
high quality, reliably over long periods of time. 

Background Art 

Calibration or set up of color printers which 
are in use today by photof inishers has been accomplished 
by a manual adjustment process based upon subjective 
analysis of prints made with test negatives by skilled 
personnel. In U.S. patent 4,526,462 issued July 2, 1985 
a computer controlled calibration system is proposed 
which uses prints made from reference negatives which 
are both overexposed and underexposed and a standard 
print to obtain a model for color correction which will 
obtain color .balance referenced to the standard print. 
The use of under and overexposed reference negatives 
allows the nonlinear density versus exposure time 
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characteristic of the photographic printing paper to be 
tracked thereby to achieve correction factors of 
exposure times over a reasonable range of negative 
densities. In U.S. patent 4,646,045 issued August 7, 
1984 a special calibrating negative is used having 
severa i steps of different density. Prints made from 
this wedge are utilized to provide correction factors to 
provide color balance over a range of densities of a 
production negative. Inasmuch as the interactions of 
the densitometer which scans the negatives , the exposure 
device, the paper and the printing process are not 
defined and vary from printer to printer, the use of 
standardized or reference prints to derive correction 
factors is an empirical process, even using the results 
of exposures and prints of reference negatives. 

Disclosure of Invention 

It has been found, in accordance with the 
invention, that a model of the complex scanner, printer, 
paper and print processing systems must be statistically 
based in order to make the control of the exposure (both 
the intensity of the color components of the 
illumination and the exposure times) independent of 
variations in scanners and the effects of different 
exposure control hardware, photographic paper properties 
and the development process, as well as their 
interactions. Through the use of the calibration models 
obtained in accordance with the invention a transfer 
density may be used which is dependent upon the negative 
to be exposed and is independent of the variations in 
the scanner and the exposure control device, 
photographic paper and printing process and their 
interactions. Thus, each negative will produce a 
standardized result in all printers so calibrated. 
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The system generates a calibration model for 
the densitometer of the printer and another calibration 
model for the photographic system of the printer 
including the exposure control device, the paper and the 
processing system. These models are derived by 
regressions using statistical data obtained from a set 
of calibration patches. Each patch covers a different 
level of a different color and neutral. For example in . 
a preferred embodiment a set of seventeen calibration 
patches is used consisting of three levels (each of a 
different f-stop, e.g. - 2 , + 2 and + 6 ) of four color 
variations and five neutral variations. The color 
variations, in the preferred embodiment may be green, 
magenta, sky and tungsten ring (incandescent lamp). The 
set, thus, represents the entire range of negative 
densities that are encountered in an average film 
population. These calibration patches are used to 
provide all the necessary statistical information by 
exposing them with different exposures (e.g., a full 
gamut of offsets) to derive prints from which 
statistical data can be collected by a densitometer. 
This statistical data is used in regression based 
computations to produce the models describing the 
overall system response. These models are used to 
translate the transfer densities into signals of value 
which set the exposure control device (both intensity of 
color components of the illumination and exposure time) 
to obtain prints of high quality. 

Accordingly, it is the principal object of the 
present invention to provide an improved system for 
calibrating and controlling a photographic color printer 



BNSDOCID: <WO 8903062A1 J_> 



WO 89/03062 



PCT/US87/02531 



- 4 - 

It is a further object of the invention to 
— provide an improved calibration system for a color 

printer in which the system is modeled on a statistical 
basis in order to derive correction factors by which 
transfer densities can be translated into signals for 
operating an exposure control device to expose the 
negative f whereby to produce a quality print of 
standardized print density in each color component 
thereof . 

It is a still further object of the present 
invention to provide an improved system for calibrating 
a color printer and to make exposures of negatives 
independent of the response characteristics of the 
scanner , exposure control device, photographic paper and 
photographic processing system which can operate 
automatically whenever calibration is needed. 

Briefly described, the invention may be 
embodied in a photographic printing system for exposing 
a printing medium through film negatives with light 
having color components of different intensity and 
different exposure times. The printing system has a 
film densitometer for detecting the density of -the 
negatives and an exposure device for providing light 
having the color components with different intensities 
and with different exposure times. The system provided 
by the invention calibrates the printing system to 
expose the printing medium through the negatives to 
provide upon processing of the medium in a processing 
system prints of desired density irrespective of the 
variations in density readings and spectral response of 
the densitometer, the printing medium, the processing 
system and the exposure device. The calibrating system 
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makes use of a set containing a plurality of negative 
film patches including a first plurality of patches 
which vary in neutral density and second pluralities of 
patches of different color. Each of the second 
plurality of patches includes a plurality of patches of 
different density such that the set includes 
substantially the entire range of negative densities 
encountered in an average population of color 
negatives. Means are provided utilizing the patches for 
deriving a calibration model of the densitometer which 
emulates the response of the printing medium. Means are 
also provided utilizing the patches and a plurality of 
prints made with a different combination of color 
component intensities of each of the patches for 
deriving a photographic calibration model which relates 
the density of the negatives to the density of the 
prints made by exposing and processing the printing 
medium. Finally the system includes exposure control 
means utilizing the densitometer calibration model and 
the photographic calibration model for controlling the 
color component intensities and exposure times in the 
exposure device. Thus, when production negatives are 
scanned by the densitometer and the calibration models 
are applied, transfer densities are accurately mapped to 
the required density on the processed prints independent 
of the characteristics of the densitometer, exposure 
device, printing medium and processing system. The 
transfer densities are translated by the exposure 
control means into signals for controlling the exposure 
control device to obtain standard exposure results; for 
example of densities RGB = 0.8, 0.8, 0.8. 
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Brief Description of Drawings 

The foregoing and other objects features and 
advantages of the invention as well as a presently 
preferred embodiment thereof will become more apparent 
from a reading of the following description in 
connection with the accompanying drawings in which: 
FIG. 1 is a functional block diagram which 
schematically illustrates a photographic color printer 
embodying the calibration and control system of the 
present invention ; 

FIG, 2 is a schematic diagram illustrating the 
spatial relationship of the film scanner (densitometer) 
exposure device and calibration patch as assembled in 
the system shown in FIG. 1? 

FIG. 3 is a block diagram illustrating the 
interrelationship between the hardware components which 
provide the system illustrated in the functional block 
diagram of FIG. 1; 

FIG. 4 is a diagram illustrating the structure 
of the software (computer programs) which are effective 
in obtaining the functions illustrated in the functional 
block diagram of FIG. 1; 

FIG. 5 is a flow-chart illustrating the program 
for obtaining the film densitometer calibration model 
shown in FIG. 4; 

FIG. 6 is a flow-chart illustrating the program 
for obtaining the photographic calibration model shown 
in FIG. 4; 

FIG. 7 is a flow-chart illustrating the program 
for the photographic calibration regression shown in 
FIG. 6; and 

FIG. 8 is a flow-chart illustrating the use of 
the exposing device calibration model shown in FIG. 4. 
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Detailed Description 

Referring to FIGS. 1 and 2 there is shown, 
schematically a color printer which provides prints from 
negatives which are advanced between a supply reel 10 
and a takeup reel 12 to a first station 14 where the 
negative is scanned by a film scanner 16 and thence to a 
second station 18 where the negative is exposed by an 
exposing or exposure device, illustrated as a 
lamphouse 20. The film scanner is a densitometer 
utilizing a video camera or a matrix array of 
photocells. A camera having a charge coupled device 
(CCD) sensor array may also be used. The camera or 
photocells, suitably of twenty-four rows and thirty-six 
columns, resolve the scanned negative into a matrix of 
pixels. The twenty-four by thirty-six matrix contains 
eight hundred and sixty-four pixels, the film scanner 
provides a full matrix for each color (RGB ) for a total 
of 2,592 measurements per scanned image. 

The lamphouse, as shown schematically in FIG. 2 
contains three color attenuation discs 22 which vary the 
intensity of the color components (RGB) in accordance 
with their angular positions. The illumination source 
is one lamp 24 or three lamps, one for each color. The 
light passing through the discs enters a mixing chamber 
which is part of the lamphouse and then passes through a 
shutter /lens assembly 26 at the output of the lamphouse. 

The light after passing through the negative at 
the exposure station 18 is focused by a zoom lens 28 on 
the printing medium (paper) at a stage 30 containing 
suitable masks and guides. The paper is reeled between 
a paper supply reel 32 and a paper takeup reel 34, as 
shown in FIG. 1. 



BNSOOCID: <WO 8903062A1 J_> 



WO 89/03062 



PCT/US87/02531 



- 8 - 

A plurality, in this embodiment seventeen (17) , 
film negative calibration patches 36 are mounted along a 
path paralleling the periphery of a carrier disc, 
indicated as a carousel 38. This carousel is 
dimensioned such that the patches can be moved to the 
negative scanning station 14 and to the negative 
exposure station 18 by rotating the carousel with a 
stepper motor 40. During production runs , openings in 
the carousel are in the light path at each station 14 & 
18. 

In the exposure device 20 f the intensity of the 
color components is varied by intensity control signals 
which operate motors for rotating the attenuation 
discs 22. Three such signals may be used. The exposure 
time is varied by controlling the shutter 26 using an 
exposure time control signal. 

In order to make the film scanning 
densitometer 16 emulate the response of the photographic 
paper, densitometer logic 42 is implemented by software 
to provide a densitometer calibration model. The output 
of this model is RGB density data as to the densities of 
the production negatives which are moved between the 
reels 10 and 12 or of the calibration patches during the 
calibration or set up of the printer. It will also be 
appreciated that the system includes motor drives and 
controls for the negatives and the photographic paper 
which may be computer controlled. The printer operates 
under computer control for calibration as well as in the 
production of prints. 

The densitometer data is applied via a transfer 
density convertor 43 and control print logic 68 to 
photographic compensation logic 44, also implemented by 
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software, to form a photographic calibration model which 
processes the RGB density data as well as statistical 
data made from the calibration patches. This is 
accomplished through the use of the exposure device 20 
and the photographic paper. 

The calibration patches 36 in this embodiment 
consist of five neutral (N) patches each of different 
density, made as by being exposed at different camera 
(f) stops between - 2 and + 6. Suitably these camera 
stops are - 2, 0, + 2, + 4 and + 6. There are twelve 
sets of monochromatic patches each of a different color 
which in this embodiment are green (G), magenta (M), sky 
(S) and tungsten ring (incandescent lamp illumination) 
(T) (viz* two sets of orthogonal colors) each at a 
different print density from - 2 to + 6 f stops. 
Suitably, these density levels are obtained by exposures 
of the monochromatic patches at + 2, - 2 and + 6 f stops. 

In order to obtain statistically sufficient 
data, each of these patches is exposed three times with 
a designed set of exposure offsets. Each set is a 
different combination of RGB offsets derived using an 
incomplete three level full factorial design. These may 
be 0,15 density (on the conventional log density 
scale). A suitable set of offsets is shown in Table 1 
where the exposure offsets indicated by a minus 1 are 
-.15 density, by a plus 1, +.15 density and by a 0 (no 
delta). The size of the offsets are determined by 
ensuring that the resulting paper density differences 
are large compared to the error in the paper 
densitometry, but not so large as to fall in the toe or 
shoulder of the paper's density vs. log exposure curve. 
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TABLE 1 
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It will be seen from the above table that there are 
printed three sets of prints for each of the seventeen 
calibration patches, or a gamut of 51 calibration prints. 

After printing, the paper is removed from the 
takeup reel 34 and processed by the paper processing 
system 46 (which includes the photographic development 
chemistry) into the 51 prints. These prints form the 
basis of obtaining a universe of data from which the 
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photographic calibration model can be derived by 
mathematical statistical computations . The prints are 
scanned by a print densitometer 48 to provide RGB 
densities from each print. The densitometer may be of 
commercial design and tied into the computer system, 
which provides the logic 42 and 44, by a data 
communication link (modem or interface). 

The photographic calibration model stores a 
matrix of coefficients and offsets which use the RGB 
densities from the densitometer logic 42 to provide RGB 
log exposures which compensate for the variations both 
in the scanner 16 and in the photographic system 
including the processing system (including variations in 
pa p €r emulsion batches). Therefore, any production 
negative will be exposed to produce a standard result. 

To obtain the intensity signals and exposure 
time signals from these log exposures, exposure logic 50 
processes the log exposure data from the photographic 
compensation logic 44. The exposure logic contains an 
exposure calibration model to derive the exposure time 
and intensity signals which are then used to control the 
exposure device (lamphouse 20). During production each 
negative is scanned by the film scanner 16. The matrix 
of pixel signals is processed by the densitometer 
calibration model, then by the transfer density 
convertor 43, and then by the photographic calibration 
model to provide the RGB log exposure. The exposing 
device is then set so that when the negative reaches the 
printing station 18 it will be exposed with the desired 
exposure both in color intensities and time. 

Referring to FIG. 3 there is shown the hardware 
components of the printer, several of which have been 
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discussed above in connection with FIGS. 1 and 2. The 
film handling hardware includes the reels 10 and 12 as 
well as the total mechanisms for moving the film. The 
paper handling hardware includes the reels 32 and 34 as 
well as the various mechanisms for handling the 
photographic paper 33 which is transported between the 
reels and stops at the printing station 18. 

The densitometer logic 42, the photographic 
compensation logic 44 and the exposure logic 50 are 
implemented by software in a central processing unit 
52. This unit may use disk storage 54 for all of the 
statistical data obtained from the print densitometer 
and from the scanner 16 as well as temporary storage for 
the intermediate calculations which are used in deriving 
the models. The model coefficients and offsets are also 
maintained in disk storage 54. A single processor (e.g. 
a super* micro, such as a Motorola 68,000 series 
microprocessor based computer) or a plurality of 
computers operating as parallel processor may be used to 

provide the CPU 52. 

FIG. 4 illustrates the structure of the 
software (computer programs) which is used in the system 
both in calibration and in making production prints. 
This includes software (computer program) whereby the 
film densitometer model 60 is produced. It produces RGB 
printing densities. These values are then sent through 
a transfer density convertor 43 which implements an 
exposure determination algorithm 64 (implemented in the 
software) which produces transfer densities. This 
algorithm can be of the type used in the art where 
neutral and color exposures are automatically calculated 
as a function of scene content, or it can be as simple 
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as allowing an operator to manually modify the exposure 
given to a negative based upon the operator's visual 
evaluation of the scene content. The resulting 
"transfer density" is a generic exposure that is free of 
any specific printer characteristics. This transfer 
density is then fed into the photographic calibration 
model 62 of the printing system, and translated to an 
absolute log exposure which does include specific set up 
and control information. Finally f this absolute log 
exposure is put through the exposing device calibration 
model 66 which translates the absolute log exposure to a 
physical combination of color light intensities and 
exposure times to produce a good print. 

•Transfer densities are the equipment 
independent output of the exposure determination 
algorithm. When sent to the photographic compensation 
logic 44 and exposure logic 50, they produce prints of 
similar quality, regardless of variations in the 
scanner, exposure device, or in the photographic paper 
or process. 

A photographic calibration model 62 which 
implements the photographic compensation logic is also 
implemented by software. The exposure calibration 
model 66 which implements the exposure logic 50 is also 
part of the software structure. The control print logic 
operates on the printing density output of the printing 
densitometer and provides digital data (the statistical 
data) which is used in deriving the photographic 
calibration model. In the case of the normal neutral 
print the control print logic checks balance or in the 
case of the gamut prints, it adds the exposure deltas 
(Table 1) . 
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Consider first the film densitometer 
calibration model program, the flow-chart of which is 
illustrated in FIG. 5. Referring to FIG. 5, the output 
of the scanner is assumed to be outputs from each of the 
matrix of photocells which defines a pixel of the 
scanned negative. This is a 24 x 36 matrix which 
provides 864 outputs per scan. There are three outputs 
from each photocell (for each pixel) so as to obtain the 
RGB densities of the film being measured. It will be 
noted that the scanning densitometer 70 has its own 
light source and a light conduit (with lenses) to 
conduct light through the calibration patches 36 and the 
production negatives. First, using only the scanner and 
two special filters which are inserted between the light 
source and the scanner in the location for the 
calibration patches (on the carousel). These special 
filters may be provided by some of the neutral patches. 
The voltages from each photocell are measured. A low 
density calibration filter and a high density 
calibration filter are used. Suitable densities for 
these filters are 0.7 and 2.7. These filters may be 
Inconel filters because of their spectral neutrality and 
stability. The measurement determination is indicated 
at 78. 

The measurements are converted into digital 
values by analog to digital conversion. The outputs are 
A/D counts. The conversions determination is shown at 
80 in FIG. 5. The voltages are measured through 
variable gain amplifiers, which also have adjustments 
for offset or bias voltages. Adjustments are made 
(block 82) to adjust the value of the digital data. The 
same high and low count is obtained for a given color 
using the low and high density calibration filters. 
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Calibration for color is carried out by 
measuring off line the spectral transmittance of the 
calibration patches 36 with a spectrophotometer. The 
resultant transmittance vs. wavelength curve (spectral 
response) is multiplied by the red, green and blue 
spectral sensitivity curves of the photographic paper 
for each calibration patch to obtain data defining three 
new curves for each patch. The exposing device (the 
light source 70) average spectral intensity is then used 
to multiply the data for each of the curves to obtain 
data for new curves. The area under the new resulting 
curves is integrated in order to obtain red, green and 
blue "aim printing densities" for each calibration 
patch. These aim printing densities are theoretically 
what the densitometer 16 should measure if the spectral 
sensitivity of each of the three (RGB) channels of the 
densitometer 16 exactly matches the spectral 
sensitivities of the photographic paper. This process 
is represented by block 84, since it determines the 
calibration patch aim printing densities. 

The average of the digital counts for each 
color of each calibration patch is then determined in 
the measurement and A/D process 86. The process also 
includes averaging the digital counts for each color of 
each calibration patch. From the aim density data and 
the average A/D counts for the calibration patches 36, a 
regression calculation is carried out in the CPU 52 
(FIG. 3) to obtain the film densitometer calibration 
model. This process is indicated at 88 in FIG * 5. The 
regression computation uses the average digital counts 
for each color of each patch as the independent 
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variables and the aim densities of each color of each 
calibration patch as the dependent variables. The 
regression analysis may include a 17 x 3 matrix. The 
result using such a matrix is a 3 x 3 matrix of 
coefficients and a 1 x 3 matrix of offsets. The 
regression equation is set forth below." The location of 
the matrix of coefficients and the matrix of offsets is 
also indicated. 



A*M + 0 + £ = P 

where : 

A is a 17 x 3 matrix of Average A/D counts. 

M is the 3x3 regression coefficient matrix. 

O is the 1x3 matrix of regression offsets. 

£ is a 17 x 3 matrix of errors between the 

calculated values of P and the measured values 
of P. The sum of the squares of all £ values 
is minimized. 

p is the 17 x 3 matrix of aim printing 
densities. 

The film densitometer calibration model so 
obtained is utilized by measuring the photocell voltages 
of all pixels of all three colors for the film negative 
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being measured. These voltages are then converted to 
digital counts and transferred to the CPD for 
calculations. The RGB digital counts for each pixel are 
multiplied by the 3x3 matrix of coefficients, and the 
1x3 matrix of offsets are added to obtain "printing 
densities" as shown in FIG. 4. These are the densities 
that would be measured if the photographic paper were 
used as the densitometer . 

The structure of the program for determining 
the photographic calibration model is illustrated in 
FIG. 6. A computational model is obtained for the 
interactions of the film densitometer and the exposing 
device 20. The model is fixed and need not be changed 
as long as the film densitometer model or the exposing 
device model is changed when a change is made in their 
respective hardware. A recomputation of the 
photographic calibration model is called for when the 
photographic printing paper to be used is of a different 
type than for the model for which it was originally 
computed. As a practical matter, if the film 
densitometer or the exposing device is changed and its 
respective model is changed to compensate for the 
physical change, the photographic calibration model may 
need to be recomputed if there was a large change. A 
large change can be determined by the results obtained 
from the system; for example if the print quality 
changes. 

In computing the photographic calibration 
model, the printing densities of the calibration patches 
is obtained by using the densitometer 16. This process 
is indicated at 90 and involves measuring the voltages 
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from all the photocells in the film densitometer, 
converting to digital counts and applying the Film 
densitometer calibration model. The average of all 
pixels for each color of each patch is used to obtain 
the RGB printing densities for each patch. With 17 
patches this results in 17 x 3 or 51 averages. The next 
process is verification of nominal balance 92. This is 
done to insure that the calibration prints will have 
densities within a reasonable range, preferably, but not 
necessarily on the straight line portion of the density 
vs. log exposure curve for the paper. The normal 
neutral patch is used for this test. This is the 
calibration patch that has a printing density closest to 
the average of a large population of negatives 
containing normal scenes. The same calibration patches 
used to determine the film densitometer model may be 
used, but the aim densities calculated for these patches 
are not used. It may be desirable to use several 
carousels with different patches. Special patches for 
the determination of the densitometer calibration model, 
may involve the use of the expensive Inconel neutral 
density filters. Since the carousels containing the 
photographic model calibration patches are used more 
frequently they may be interchanged with the carousel 
containing the patches which are used in obtaining the 
densitometer calibration model. 

In verifying the nominal balance, (90 - FIG. 6) 
the RGB log exposures are obtained using a nominal 
photographic calibration model (a certain array of 
coefficients and offsets). The model developed in a 
previous calibration may be used, if it is contained in 
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disk storage 54 (FIG. 3). A suitable matrix of 
coefficients and offsets is given below. 

[1.0 0.0 0.0] 
[0.0 1.0 0.0] 
[0.0 0.0 1.0] 



Initial offsets are determined by trial and 
error, if no previous results exist. The values of 
these offsets will depend on many different parts of the 
system. If no previous information exists, an identity 
matrix may be used. This matrix makes no assumptions as 
to the RGB interactions. 

A print is exposed through the normal neutral 
patch with the exposing device using the RGB log 
exposures obtained with the nominal photographic 
calibration model. The print is processed and measured 
with the print densitometer 48. Outputs are obtained in 
the RGB channels. These output print densities are 
compared to certain RGB aim print densities. These aim 
print densities may arbitrarily be selected, but are 
desirably chosen to be near the density that most prints 
of normal scenes will be made. Suitable aim print 
densities are 0.80, 0.80, and 0.80, for the RGB 
channels. Based on the differences resulting from the 
comparison the exposure is adjusted and another print is 
made until a print close to the desired aim print 
densities is measured. It may be desirable to calculate 
the change in exposure for automatically controlling the 
exposure during verification of nominal balance. For 
example the slope of the print density vs. log exposure 
curve for the red, green and blue components can be 
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determined or estimated. The difference betw en the aim 
RGB print densities and the actual RGB print densities 
is determined and then divided by the RGB paper slope to 
obtain RGB log exposure deltas. These deltas are then 
added to the original RGB log exposures to obtain the 
changed exposures which will provide prints more closely 
approaching the aim print densities. 

After nominal balance is verified, the 51 
calibration prints are made as indicated at 94 in 
FIG. 6. These are the gamut prints which are used in 
calculating the photographic calibration model. These 
prints are made using the designed offsets to the RGB 
printing densities of the calibration patches as shown 
in Table 1 above. The offsets may be obtained by 
applying the then current photographic calibration model 
to the RGB printing densities with the offsets added to 
determine the control input signals to the exposing 
device 20. If no previous data exists for the system a 
nominal photographic calibration model is selected as 
discussed above. The closer the model selected is to 
the resulting model, the more efficient will be the 
computations and less iterations will be needed. As 
noted above, there are three different sets of exposure 
deltas for each calibration patch, 17 x 3 or 51 
calibration prints are made. These are called the gamut 
prints. 

Next, the calibration print densities are 
measured using the print densitometer 48. This is shown 
at 96 in FIG. 3. From the RGB printing densities from 
the calibration patches, the log exposures used in 
making the calibration prints (gamut log exposures) and 
the gamut print densities, which constitutes a 
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comprehensive base of statistical information, a 
regression calculation is performed, as shown at 98 to 
obtain the photographic calibration model. The program 
for carrying out this regression calculation is shown in 
FIG. 7. Multiple regressions are used which are 
indicated at 100, 102 and 104 in the flow-chart. The 
first regression 100 is calculated using the RGB 
printing densities of the calibration patches (without 
the offsets added), the RGB log exposures and, in the 
case of a variable exposure time lamphouse as is the 
case for the shutter equipped lamphouse 20 (FIG. 2), 
the log of the exposure times, (indicated as log Time) 
and any other variables relevant to the exposing device 
or the processing chemistry as the independent 
variables, and the RGB print densities from the 
calibration prints as the dependent variables. The 
regression equation is set forth below. The matrix of 
coefficients and offsets are indicated in the equation. 

P*M + E*M w + T*M m + 0+£=P.D. (2) 

p E T 

where: 

P is the 51 x 3 matrix of 

calibration negative 
printing densities (17 
negative printed 3 times). 

M is the 3x3 matrix of 

P 

regression coefficients 
that are multiplied with 
the calibration negative 
printing densities. 
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is the 51 x 3 matrix of RBG 
Log Exposures for the 
calibration prints. 



is the 3x3 matrix of 
regression coefficients 
that are multiplied with 
the Log Exposures. 



is the 51 x 1 matrix of the 
log of the exposure time 
for each of calibration 
prints . 



is a 1 x 3 matrix that is 
multiplied with the log of 
the exposure times. 



is the 1x3 matrix of 
regression offsets. 

is the 51 x 3 matrix of 
errors between the 
calculated values of P.D. 
and the measured values of 
P.D. The sum of the 
squares of all £ values is 
minimized . 



P.D, 



is the 51 x 3 matrix of RBG 
calibration print densities, 
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In another computation, 106, the predicted RGB 
print densities are calculated using the matrix of 
coefficients and matrix of offsets from the first 
regression computation 100. In the next three parts of 
the program, 108, 102, 110 and 112, the RGB print 
densities which are measured in process 96 in FIG. 6 
(the gamut print densities) are linearized. This is 
done so* that the relationship between predicted print 
density and measured print density is linear. The 3 
channels may be linearized separately and the process 
performed at 108, 102, 110, 112 are performed for each 
color. First the predicted print density which was 
calculated at 106 is raised to an arbitrary power. This 
power can be chosen to be reasonably close to that which 
is required, as described below. Then, the regression 
calculation 102 is carried out with the predicted print 
densities raised to a power as the independent variables 
(51 x 1 matrix) and the measured print densities for the 
same color (red, green or blue) as the dependent 
variables (another 51 x 1 matrix). The regression is 
iterated using a different power that will reduce the 
standard error of the regression in step 102 until a 
standard error minimum is reached as indicated in step 
110. This procedure is commonly called non-linear 
regression. Other methods may be used to linearize the 
P.D. such as the use of look-up tables. The power and 
regression slope and offset are saved in storage either 
in the CPD 52 or disk storage 54 (FIG. .3). The print 
density for the minimum standard error is calculated in 
step 112 using the following equation. 

linearized P.D. « ((P.D. - (of f set)/slope) ) 1/power (3) 
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in the final regression calculation, 104, the 
same variables are used as in the first regression 100 
except that the dependent variables are switched with 
certain of the independent variables, and linearized 
print densities replace the original print densities, as 
shown in the blocks 100 and 104. In using the RGB 
calibration patch printing densities, the linearized RGB 
print densities from step 112 and any other variables 
relevant to the exposing device such as the log of the 
exposure time, or process chemistry variables as the 
independent variables, and the RGB log exposures from 
step 94 in FIG . 6 as the dependent variables, the 
regression is calculated. A similar equation as 
indicated above for the first regression computation 100 
is used. The regression provides a model that will 
predict RGB log exposures from negative densities and 
desired print densities. 

The regression offsets are then adjusted in the 
final step of the regressions in the calibration 
computation as indicated at 114. The aim print 
densities (eg. 0.80, 0.80, 0.80) for the RGB channels 
are linearized with the RGB slopes (the matrix 
coefficients), offsets and powers which were saved when 
the standard error was a minimum. The aim print 
densities are multiplied by the 3 x 3 part of the matrix 
obtained during the last regression 104 which contains 
the coefficients for the linearized print densities. 
This results in RGB offsets that are added to the RGB 
regression offsets from the regression computation 104 
and adjust these offsets. 

Using the photographic calibration model in the 
photographic compensation logic 44 (FIG. 1), the RGB 
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densities of the production negatives are multiplied by 
the 3x3 part of the matrix from the regression step 
104 that contains the coefficients for the calibration 
patch density as independent variables. Then the 
adjusted RGB offsets are added to provide the log 
exposures. 

In computing the exposure device calibration 
model to be used in the exposing device logic 50, an 
absolute photographic calibration is not necessary. The 
only requirement is that if a change is made to the 
exposing device, such as replacing a burned out lamp, 
the calibration must determine a new model that will 
achieve the same results as the previous model. This 
can be achieved by calibrating the shutter to provide a 
constant known exposure time or a variable calibrated 
exposure time* The intensity or variable intensity is 
also calibrated. This is done by using a photometer 
system with 3 channels (RGB) with spectral sensitivities 
similar to the spectral sensitivity of the paper being 
used in the printing system. The intensity of each of 
the lamps can be varied with the attenuator discs 22 
(FIG. 2) and the intensities measured with the RGB 
photometer system. A table of intensity vs. attenuation 
disc 22 position is generated for each color. 

In using the exposing device calibration model 
(PIG. 8), the RGB log exposures are sent to the exposing 
device logic. In the first computation 120 , the 
logarithm of the exposure time is subtracted from each 
log exposure to obtain log intensities. Using the 
calibration tables generated to look up which position 
of the attenuator discs 22 provide those log intensities 
for each color. Iterations of comparisons of log 
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intensities with corresponding disc positions (122) and 
modification of exposure times are carried out. If one 
or more of the RGB log intensities is not available in 
the calibration tables, the exposure time must be 
adjusted accordingly in such a way that the new log 
intensities resulting will be available at the 
attenuator disc positions given in the table. The discs 
and shutter are set and the negative is exposed. 

From the foregoing description it will be 
apparent that there has been provided an improved system 
for calibration and control of the exposing device in a 
photographic color printer. While an exemplary 
embodiment of the system has been described, variations 
and modifications thereof, within the scope of the 
invention, will undoubtedly suggest themselves to those 
skilled in the art. Accordingly the foregoing 
description should be taken as illustrative and not in a 
limiting sense. 
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Claims 

1. In a photographic printing system for 
exposing a printing medium through film negatives with 
light having color components of different intensity 
and/or different exposure times and having a film 
densitometer for detecting the density of the negatives 
and an exposure device for providing said light having 
said color components with different intensities and/or 
exposure times , an improved system which calibrates the 
printing system to expose said printing medium through 
said negatives to provide upon processing of said medium 
in a processing system prints of desired density 
irrespective of the variations in density measurement 
and spectral response of said densitometer, printing 
medium, processing system and exposure device, which 
calibration system comprises a set containing a - 
plurality of negative film patches including a first 
plurality of patches which vary in neutral density and 
second pluralities of patches of different color, each 
of said second pluralities including a plurality of 
patches of different density such that said set includes 
substantially the entire range of negative densities 
encountered in an average population of color negatives, 
means utilizing said patches for deriving a calibration 
model of said densitometer which emulates the response 
of said printing medium, means utilizing said patches 
and a plurality of gamut prints made with different 
combinations of color component intensities of each of 
said patches for deriving a photographic calibration 
model which relates the density of said negatives to the 
density of the prints made by exposing and processing 
said printing medium, and exposure control means 
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utilizing said densitometer calibration model and said 
photographic calibration model for controlling the color 
component intensities and exposure times in said 

exposure device, 

2. The improved system according to Claim 1 
further comprising means responsive to the outputs of 
said densitometer for providing transfer densities for 
each RGB color component in a film negative, means for 
processing said transfer densities with said 
photographic calibration model to provide RGB log 
exposure signals to said exposure control means. 

3. The improved system according to Claim 1 
wherein said photographic calibration model deriving 
means includes means utilizing said densitometer and 
said densitometer calibration model to verify the 
balance in the densities of the color components of said 
patches • 

4. The improved system according to Claim 1 
wherein said densitometer calibration model deriving 
means comprises means using the patches to obtain 
digital data representing aim printing densities for 
each RGB color component thereof, means for deriving 
digital data for each RGB color component of the patches 
with the densitometer, and means for carrying out a 
regression computation using said aim and densitometer 
digital data to provide said densitometer calibration 
model. 

5. The improved system according to Claim 4 
wherein said regression computation means comprises 
means for computing the equation 

A*M + 0+ £ B «p 
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where A is a matrix of said densitometer digital data, M 
is a regression matrix, O is a matrix of regression 
offsets, P is a matrix of the aim densities, andS. is a 
matrix of errors between the calculated values of P, the 
sum of the squares of allfi. values being minimized, and 
said densitometer model is utilized by multiplying 
digital data for each pixel in a matrix of pixels 
representing the output of said densitometer by said 
matrix of coefficients and adding said matrix of offsets. 

• 6. The improved system according to Claim 1 
wherein said means for deriving said photographic 
calibration model includes means for carrying out a 
regression computation using digital data representing 
the densities of the RGB color components of said 
prints, the densities of the RGB color components of the 
set of negative film patches, and the RGB log exposures 
used to expose the prints, to derive matrices of 
coefficients and offsets. 

7. The improved system according to Claim 6 
wherein said regression computation means includes means 
for computing the equation 

P * M + M + o +&. m p.d. 

where P is a matrix of the negative printing densities, 

is a matrix of regression coefficients which is 
multiplied with the densities of the negative patches, E 
is a matrix of the log exposures, M e is the matrix of 
regression coefficients that are multiplied with the log 
exposures, 0 is a matrix of regression offsets, P.D. is 
the matrix of print densities obtained from the printer, 
and Sis a matrix of errors between the calculated 
values of P.p. and the measured (from the prints) values 
of P.D., the sum of the squares of all g. values being 
minimized. 
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8. The improved system according to Claim 7 
wherein said photographic model deriving means further 
comprises means for carrying out a computation to 

linearize P.D. 

9. The improved system according to Claim 8 

wherein said photographic model deriving means further 
comprises means for carrying out another computation 
using the coefficients (slope) and offsets to linearize 
P.D. by reiterating the regression using different power 
until an error minimum is reached by carrying out the 

equation: 1/power 
linearized P.D. = ( (P.D. - (offset/slope)) 

10. The improved system according to Claim 8 
wherein means are provided for carrying out another 
regression computation by said photographic calibration 
model deriving means using interchange of certain 
dependant and independant variables in the equation set 

forth in Claim 7. 

11. The improved system according to Claim 9 
wherein another regression computation is carried out by 
said photographic calibration model deriving means using 
said linearized P.D., to replace the original P.D. and 
the other variables contained in the equation set forth 
in Claim 7. 

12. The improved system according to Claim 1 
wherein said first and second pluralities of patches 
each include negative patches having different densities 
(exposed at different f-stops). 

13. The improved system according to Claim 12 
wherein said second plurality of patches comprises four 
different colors. 
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14, The improved system according to Claim 12 
wherein said combinations of color component intensities 
are obtained by means for exposing said each of said 
patches with different exposure variations. 

15. The improved system according to Claim 13 
wherein said second plurality of patches comprises two 
sets of orthogonal colors. 
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SCANNER CAMERA 16 
(CCD or PHOTOCELLS) 
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